In vitro and in vivo anti-trypanosomal effects as well as reagent-based chemical screening of the aqueous and methanolic extracts of the roots, leaves and stem bark of Terminalia avicennioides were undertaken. In vitro, cessation or drop in the parasite motility, compared to the control, was taken as a measure of the anti-trypanasomal efficacy of the extracts following incubation of the parasite, Trypanosoma brucei brucei, with different extract concentrations (0, 5, 10 and 20 mg/ml) in 96-well micro titre plate. In vivo, groups of infected white albino rats were treated with 50, 100 and 200 mg/kg and the effect of treatment on parasitemia, packed cell volume (PCV) and lifespan were monitored. The root and stem bark extracts completely immobilized trypanosomes within 30 minutes of incubation at 20 mg/ml concentration, with the aqueous root extract displaying the highest activity, and the methanol extract of the leaf, the least. This effect compared favorably with that of the standard drug, diminazine aceturate. In vivo, significant (P<0.05) suppression of parasitemia, alleviation of anemia and prolongation of lifespan occurred in a dose dependent fashion with both the crude extracts and the bioassay-guided fractions. Reagent-based chemical analyses of the crude extracts showed presence of anthraquinones, tannins, saponins, flavonoids and cardiac glycosides, but the ethylacetate: methanol fraction which was most active revealed strong presence of saponins. These results suggest that the use of Terminalia avicennioides for management of trypanosomiasis in traditional medicine has scientific basis, and thus warrants further detailed evaluation.
Introduction
Trypanosomosis, popularly known as trypanosomiasis, is a parasitic disease affecting man and his domestic animals. The disease is caused by a single-cell protozoa parasite of the genus Trypanosoma. In human, Trypanosoma brucei gambiense and Trypanosoma brucei rhodesiense cause sleeping sickness in tropical and subtropical Africa while in South America, Trypanosoma cruzi is the causative organism of Chagas disease. Animal trypanosomosis (nagana), on the other hand is caused by T. b. brucei, T. congolense and T. vivax . An estimated population of 10 million animals and 300,000 to 5000,000 people were reported to be infected with T. cruzi and human African trypanosomes, respectively (Fairlamb, 1982; Seed, 2000) . Trypanosomosis of domestic animals is responsible for the death of about 3 million cattle annually which is accompanied by an estimated 20% decrease in calving and 25% decrease in milk production (WHO, 1975) . These have restricted land use and prevented some of the otherwise, most favorable agricultural lands of sub-saharan Africa from being developed (Barry, 1976) .
The chemotherapy of African trypanosomosis is faced with a number of problems. First, the number of available drugs for the treatment of secondary stage trypanosomosis is limited (Barry, 1976) . Second, drugs like melarsoprol have been demonstrated to result in increasing number of relapses (Poltera et al., 1981) . Furthermore, even trypanocides that are known to be effective in the treatment of the secondary stage of the infection (e.g. organic arsenicals) are unfortunately very toxic (Kuzoe, 1993) . These problems together with the associated expensive nature of most drugs in developing nations with poor economic status, makes the searching for better and cheaper trypanocides an absolute necessity.
For long, medicinal plants have been used traditionally to treat various kinds of diseases (Nwude and Ibrahim, 1980; Farnsworth et al., 1985; Malekzadeh et al., 2001 ) and today about 80% of the world's population relies mainly on traditional medicine for their primary health care needs (Akerele, 1993) . Hence, it seems rather justified that the research for new and improved plants-derived drugs for the treatment of trypanosomosis should be further intensified.
Terminalia avicennioides (Guill. and Perr.) is a tropical plant with extensive medicinal applications (Adewunmi and Sofowora, 1980; Abdullahi et al., 2001) . It is called 'baushe' in the Hausa language of Northern Nigeria. Our survey in the early part of this decade (Atawodi et al., 2002) revealed that the aqueous extract of its stem bark is traditionally employed to treat sleeping sickness. Subsequent screening of the methanol extract of this plant suggested potent anti-trypanosomal activity (Atawodi et al., 2003) . Therefore, this work was designed to further explore the in vivo anti-trypanosomal potential and identify the major classes of phytochemicals present in Terminalia avicennioides.
Materials and Methods

Plant sample
Different parts of Terminalia avicennioides were collected from Tashan-Fulani village in Zaria, Kaduna State, Nigeria. The plant's identity was confirmed at the Herbarium Section of the Department of Biological Sciences, Ahmadu Bello University, Zaria, Nigeria, where a specimen with Voucher Number 900239 was deposited.
Animals
White albino rats weighing 100 -150g and twenty albino mice weighing between 15 and 20g were obtained from the Nigerian Institute for Trypanosomiasis Research (NITR) Vom, Plateau State, Nigeria. The animals were fed ad libitum on tap water and diet specially prepared from chick grower's mash (Pfizer Ltd, Lagos, Nigeria).
Test parasite
The parasite (Trypanosoma brucei brucei) was obtained from the Department of Veterinary Parasitology and Entomology, University of Nigeria, Nsukka. The parasite was isolated from a hunting dog in March, 2002 and until 2003 when the experiment was performed, maintained in laboratory rats by continuous passage.
Plant extraction
Fresh leaves, stem and root bark of Terminalia avicennioides were cut into small pieces and then dried under shade for about a week, until they became brittle. Exactly 200g of pounded dried sample was boiled in 1 liter of distilled water contained in a conical flask for one hour. Thereafter, extract was filtered hot through muslin cloth and then with Whatman filter paper. The filtrate was dried on a water bath at 50 o C, and stored in a refrigerator at 4 o C until required. The methanol extracts were prepared by maceration for 24 hour and filtrate also dried at 50 o C on water bath.
Bioassay-guided fractionation of T. avicennioides stem bark extract
The crude aqueous extract of T. avicennioides stem bark (one of the most active extract) was fractionated on silica gel packed into a 1.5x30cm column. The column was eluted with four solvent-mixtures (ethylacetate/methanol, 19:1; benzene/methanol, 9:1; acetic acid/methanol, 1:1 and water/methanol, 1:1) in order of increasing polarity. The eluates were collected in separate beakers and made to dry at 50 o C in water bath. The dried fractions were kept at 4 o C until required.
Estimation of trypanosome parasite in blood
The parasites in the blood were estimated according to the rapid "matching" method of Herbert and Lumsden (1976) as described by Atawodi et al (2003) , Atawodi (2005) . The method employs a matching technique in which microscopic fields were compared with a range of standard logarithmic values. To count the number of parasites in blood, a drop of blood was obtained on a slide by pinching the tip of the pre-sterilized tail with a sterile needle, immediately covered with a cover slip, and the wet mount observed under x 400 magnification. The number of trypanosomes per microscopic field was then compared with the table of logarithmic values. The logarithm values which matched the microscopic observation were then converted to antilogarithm, from where the absolute number of trypanosomes per ml of blood was obtained.
In vitro anti-trypanosomal effect of crude extracts and fractions of T. avicennioides
Infected rats were sacrificed at high parasitemic state, and the blood collected in Eppendorf tubes containing 0.2 ml of 1% EDTA prepared with phosphate buffered saline (PBS). The aqueous extract of the stem bark and the standard drug were dissolved in PBS while the methanolic extracts were first dissolved in 10% dimethylsulfoxide in PBS, and then further diluted with PBS to bring DMSO concentration to 1%. For all the extracts/drug three sets of concentrations (0, 5, 10 and 20 mg/ml) were prepared by serial dilution. The in vitro experiment involved incubating 40 l of infected blood with 10 l of extract solution in a 96-well microtitre plate to produce effective test concentrations of 0, 1, 2 and 4 mg/ml, respectively. Five microlitres of the mixture were immediately placed on a slide and covered with a cover slip and the parasite's motility monitored microscopically against control wells containing no extract (negative control) or equal concentration of the standard drug (positive control) at 5 minutes intervals for a period of one hour. Since motility constitutes a relatively reliable indicator of viability among most zooflagellate parasites (Peter et al, 1976) , cessation or drop in the motility of trypanosomes was used as a measure of anti-trypanosomal effect of plant extracts and the standard drug, under in vitro condition.
In vivo evaluation of the anti-trypanosomal activity of T. avicennioides extracts
Thirty male albino rats were used for this experiment. The animals were separated into six groups of 5 animals each. Animals in group 1 were left as negative control group (administered only 0.3 ml PBS). Animals in the remaining groups (2, 3, 4, 5 and 6) were all infected with about 10 4 parasites each. Group 2 was then left as a positive control group (infected but not treated). Animals in groups 3, 4, 5, and 6 were each treated with 3.5 mg/kg of diminazine aceturate, 50, 100 and 200 mg/kg of the crude aqueous extract, respectively. The treatment was commenced four days post infection (when parasitemia was 1-2 per microscopic field) and lasted for six days. All the animals were monitored daily for parasitemia throughout the course of the experiment. In addition, five sets of blood samples were obtained from tails of animal into capillary tubes (on day 0, 4, 10, 14 and 28) for determination of Packed Cell Volumes (PCV).
Packed cell volume determination
Blood samples collected into heparinized capillary tubes with one end of each tube sealed with plasticine or a Bunsen flame were spunned at 2000 g for five minutes in a microhaematocrit centrifuge. The packed cell volumes (PCVs) were determined with the aid of a micro-haematocrit reader, and the values expressed as percentages (Barbara, 1980) .
Reagent-based chemical screening of extracts and column fractions of T. avicennioides
The crude aqueous extracts and column fractions T. avicennioides stem bark were subjected to standard reagent-based phytochemical tests for six major constituents, namely: tannins, saponins, alkaloids, anthraquinones, glycosides, flavanoids (Sofowora, 1982; Trease and Evans, 1983) .
Statistical analysis
Data was analyzed by ANOVA and student t-test using Statistical Package for Social Sciences (SPSS-computer package). For all evaluations, the level of statistical significance was fixed at p  0.05 Table 1 shows the in vitro effect of various concentrations of aqueous and methanol extracts of three different parts (stem, root and leaf) of Terminalia avicennioides on the motility of T. brucei brucei. Like with the standard drug, the parasites were completely immobilized within 30 minutes of incubation with stem and root aqueous. For the leaf extracts, cessation of motility was not seen throughout the incubation period. Overall, highest activity was found with root aqueous extract while the least was observed with the leaf extracts. The methanolic extracts of the leaf gave a similar pattern of anti-trypanosomal activity, but even to a lesser extent, as there was no noticeable change in motility. When fractionated, fraction 1 (ethylacetate/methanol fraction produced the most significant in vitro effect on trypanosomal motility which was comparable to that of the control, while acetic acid: methanol fraction (fraction 3) showed moderate activity, and Fraction 2 4 showed very little activity at the highest concentration of 20 mg/ml (Table 2) .
Results
In vitro anti-trypanosomal evaluation of crude extracts of T. avicennioides and fractions
Packed cell volume and parasitemia in animals administered T. avicennioides extracts and column fractions
There was a drop in the mean % PCV levels with increasing infection. The decrease was significant (P< 0.05) by day 14 (in the untreated control group). An inverse relationship was observed between packed cell volume and parasitemia (r = -0.77; Figure 1 ), suggesting that hemoglobin concentration decreases with increasing severity of infection. However, treatment with the extracts alleviated anemia by improving the packed cell volume in a dose-dependent manner, but not above the critical level, except the group on standard drug (Figure 2 ). Figure 3 gives the parasitemia pattern among three groups treated with different doses of the aqueous extract of the bark and the standard drug. Four days after commencing treatment, significant (P< 0.05) dose-dependent suppression of parasitemia was observed, with the highest dose level (200mg/kg) wiping the parasites from the blood stream within three days, while the diminazine-treated animals were cleared of their infection after two days of treatment. Relapse was, however, observed after 4 weeks, in two of the five animals in the group. Also, in vivo evaluation with fractions showed that while fractions 1 (ethyl acetate: methanol) at 150mg/dose significantly (P<0.05) suppressed parasitemia, fraction 3 (acetic acid-methanol group) did not suppress parasitemia significantly (P> 0.05), when compared to the untreated group (Figure 4) .
In vivo anti-trypanosomal effect of aqueous extract of T. avicennioides and fractions
Effect of administration of aqueous extract and fractions on T. avicennioides on lifespan of trypanosome-infected rats
In the untreated control group, all animals died within 14 days after infection, but in the diminazine-treated control group, animals remained alive for the two months of observation. The mean lifespan of animals in all the extract-treated groups ( Figure 5 ) slightly exceeded that in the infected but untreated control group. The mean lifespan of rats on diminazine group was not significantly different (P> 0.05) from that of the uninfected control group ( Figure 5) . Furthermore, the mean lifespan of mice treated with fraction 1 was only slightly but non-significantly (P>0.05) extended over those of animals treated with fraction 3 (Figure 6 ).
Reagent-based phytochemical Screening of Crude Extracts and fractions of T. avicennioides stem bark.
Reagent-based phytochemical screening of the crude aqueous extracts and column fractions of T. avicennioides revealed the presence of flavonoids, tannins, saponins and anthraquinones (Table 3 ). The major difference between the crude aqueous extract and its fractions is with their levels of flavonoids and saponins. There was, however, a strong variation among the column fractions, with the saponins largely pooled into the ethylacetate/methanol fraction (Table 4) .
Discussion
White albino rats were susceptible to infection with the strain of Trypanosoma brucei used and picked up the infection as early as day four, post infection. The infection lasted two weeks and terminated with 100% mortality in infected but untreated controls. Anemia depicted by drop in PCV values was found to accompany the rising wave of parasitemia in the course of the disease. Packed cell volume was negatively correlated with parasitemia ( Figure 1 ). The strong negative value of the coefficient of correlation (r = -0.773), indicates a strong inverse relationship between PCV and parasitemia implying that increase in parasitemia, strongly decreases the packed cell volume of the diseased animals.
This agrees with observation in mice experimentally infected with T. brucei (Igweh and Onabanjo, 1989) . Anemia observed in this study is in agreement with data from a vast number of studies (Fiennes, 1954; Jenkins et al, 1980) . Several theories have been put forward to explain this inverse relationship. Prominent among these is the postulation that dead and dying trypanosomes release hemolytic factors into the animal's blood (Anosa and Kaneko, 1983a; Emmanuel et al, 1999; Esievo, 1983; Mellors and Samad, 1989) . As the parasites divide, increasing blood parasite population, and consequently giving rise to more dead parasites, more of the hemolytic factors are produced leading to increased destruction of erythrocytes, and hence the reduction in PCV. The observed reduction in red cell counts is in consistent with the observed anemia.
In vitro, the extracts from root and stem rendered the parasites completely immotile within 35 minutes of incubation at extract concentration of 20 mg/ml (Table 1 ) and the extract's activity was comparable to that of diminazine aceturate, a standard drug whose mechanism of action is already established (Gutteridge and Coombs, in anti-trypanosomal activities of extracts from various parts of the plants tested is attributable to variation in types and amount of phytochemicals present in them (Tables 3 and 4) .
In vivo, the crude aqueous extract was found to significantly suppress the parasitemia after six days of consecutive administration in a dose-dependent manner (Figure 3) . Column fractions of the crude extract produced highest in vitro activity in the least polar fraction, ethylacetate: methanol, followed by acetic: methanol fraction (Table 2) . When both fractions were tested in vivo, again only ethylacetate: methanol fraction, presented similar parasitemia pattern (Figure 4) with that of the crude (Figure 3) . Hence, anti-trypanosomal principle of the aqueous extract appears to reside in the least polar ethylacetate/methanol fraction, with the saponins as the sole or major active ingredient. The relapse seen in 200 mg/kg dose group after the parasites were completely wiped out of the blood for 3 days, could be as a result of resistance put forward by the parasites or some limitations on the part of the extract itself such as the inaccessibility of the extract to other tissues where the flagellates are known to hide as a way of evading trypanolytic action of drugs (Anosa, 1988) . It is also possible that the active component may be of short half life making it unable to stay in the blood medium in sufficient amount long enough to exert its properties on the parasites, completely. The possibility that the active component is only trypanostatic rather than trypanocidal, must also be seriously considered.
While it is possible that parasites could still be found in other organ(s) even after their disappearance from the blood (Anosa, 1988a), it seems that their presence and rapid proliferation in the blood are very important in the disease process. Any chemical substance that is able to delay the appearance of the parasites in the blood will concomitantly delay the manifestation of some pathological lesions. Sustained suppression of this parasitemia would have, no doubt, alleviated the anemia observed with infected rats since parasitemia is one of the several factors implicated in the mechanism of anemia in human and animal trypanosomosis (Fiennes, 1954; Jenkins et al., 1980; Esievo, 1983; Anosa and Kaneko, 1983b) . The alleviation of the anemia may explain the significantly (P<0.05) increased lifespan of the animals treated with the extract, extract fractions or the standard drug ( Figure  5 and Figure 6 ).
The results of the reagent-based phytochemical screening agree with those seen in aqueous root extract of Terminalia avicennioides by Abdullahi and his colleagues (2001). Reagent-based chemical analysis of T.avicennioides fractions (1and 3) suggested that saponins are largely pooled and concentrated in the ethylacetate/methanol fractions which proved most active, both in vitro and in vivo. Even though this fraction tested positive for other compounds (tannins and anthraquinones) the fact that other fractions containing tannins and anthraquinones, but not saponins were at best, only weakly active, suggest that the variation in the anti-trypanosomal efficacy in vivo can only logically be attributed to this difference in the concentration of saponins. Therefore, it is hypothesized, that the trypanocidal potential of the aqueous extract of Terminalia avicennioides stem bark may be due to its high content of saponins, or the interaction of this major component with other minor phytochemical constituents. Further work is however required to confirm this assertion.
Saponins have been reported to possess wide spectrum of antimicrobial activity and their mechanism of action are thought to be by interaction with parasite membrane sterols, proteins and phospholipids (Godwin and Theodore, 2001) . It seems plausible to infer that the active ingredient acts as intact glycosides and not as free saponins since preliminary treatment using the oral route did suppress parasitemia. Saponins are not known to be toxic when given orally as they are easily hydrolysed by biotransformation to non-toxic (non-hemolytic) compounds (Trease and Evans, 1983; Sofowora, 1993) , Based on the above, it can be concluded, that the use of Terminalia avicennioides for management of trypanosomiasis in traditional medicine is scientifically justified. However, the relapse observed points to limitations in the use of these extracts alone. But, since most traditional practices consist of herbal concoctions from different plants (Atawodi et al, 2002) , it is possible that in such combined herbal therapy involving T. avicennioides, the contribution of its aqueous extract is either to suppress the parasitemia and allow active principle from other component of the herbal mixture to easily wipe out the residual T. avicennioides-resistant trypanosomes or that the extract is able to interact and weaken the parasites' membrane thereby enhancing the accessibility of organelle-specific active component from other plants in the herbal recipe. stand for large and slight decrease in motility after 60 minutes of parasites incubation respectively. '-' is used where there was no noticeable effect on the motility. ethylacetate/methanol (150mg/kg); acetic acid methanol(150mg/kg) 
